Background: Cholecystitis-associated septic shock carries a significant mortality. Our aim was to determine whether timing of source control affects survival in cholecystitis patients with septic shock.
J can chir, Vol. 62, N o 3, juin 2019 A cute cholecystitis is characterized by inflammation of the gallbladder and is diagnosed when there are local signs of inflammation (positive Murphy sign/ right upper quadrant pain), signs of systemic inflammation (fever), and when imaging is consistent (thickened gallbladder wall on ultrasound and/or pericholecystic fluid). 1 If left untreated, acute cholecystitis will likely lead to serious complications, including perforation, septic shock, multiorgan failure and death. 2, 3 Cholecystectomy is currently the gold standard therapy, with drainage via percutaneous cholecystostomy as an alternative option in patients with high surgical risks. 4 Previous studies of hospitalized patients with acute cholecystitis have shown that delayed cholecystectomy of more than 24 to 48 h is associated with increased morbidity, postoperative complications and longer hospital stay. 5, 6 For patients not fit for surgery, delayed percutaneous cholecystostomy drainage of more than 24 hours is associated with increased morbidity and length of hospital stay (LOS). 7 However there remains uncertainty regarding optimal timing of cholecystectomy or cholecystostomy drainage in hospitalized patients with acute cholecystitis, especially in the critically ill population. This situation presents therapeutic challenges, as not all hospitals have access to interventional radiology and acute care surgery.
Patients with acute cholecystitis with concomitant bacteremia and septic shock represent a potentially higher-risk population with even greater therapeutic challenges. Acute cholecystitis with bacteremia is associated with worse outcomes, specifically acute kidney injury, septic shock and increased mortality. 8 In patients with septic shock, early administration of antimicrobial therapy has been shown to significantly reduce mortality. 9 However, there remains a dearth of evidence regarding timing of source control in patients with septic shock with acute cholecystitis.
In this study, we evaluated important clinical factors associated with mortality in critically ill patients with septic shock due to acute cholecystitis. Specific predefined practice-related factors that were examined included time to successful source control, time to appropriate antimicrobial therapy and severity of illness.
Methods
We conducted a nested cohort study. Patients with cholecystitis and septic shock were drawn from the larger retrospective cohort population from the Cooperative Antimicrobial Therapy of Septic Shock [CATSS] database of cases with septic shock collected from 28 medical centres in Canada, the United States and Saudi Arabia for discrete continuous periods between 1996 and 2015. 10 The details of the database characteristics are available elsewhere. 11 We obtained ethical approval from the institutional review boards of all institutions participating in the CATSS registry, including the University of Manitoba Health Research Ethics Board. As this was a retrospective study, waived consent was obtained from each participating site. This study was written according to the STROBE guideline for reporting retrospective studies 12 and was compliant with the Declaration of Helsinki (2013) ethical principles for medical research involving humans.
Study design: patients and setting
Data were extracted for all (n = 196) adult patients with acute cholecystitis-associated septic shock in the CATSS database. Diagnosis of acute cholecystitis was based on the presence of local signs of inflammation (positive Murphy sign and/or right upper quadrant pain) along with signs of systemic inflammation (fever) and when imaging was consistent with acute cholecystitis. 1 These published criteria were consistent with the Tokyo guideline. 1 All infections met Centers for Disease Control and Prevention (CDC) criteria for intra-abdominal infection. 13 
Exposures and outcomes
Baseline patient characteristics, including demographics and comorbid conditions, were obtained at enrolment into the registry. The following data were obtained on day 1 (within 24 h) of shock development: bicarbonate level, serum lactate, bilirubin, creatinine, platelet count, international normalized ratio (INR), white blood cell (WBC) count, number of organ failures and Acute Physiology And Chronic Health Evaluation (APACHE) II score. 14 The primary outcome of this study was in-hospital mortality. Secondary outcomes included hospital and ICU lengths of stay. Timing of therapy (antibiotics, source control with cholecystectomy or cholecystostomy drainage) was defined as time of development of shock (hypotension with a mean arterial pressure < 65 mm Hg and need for vasopressor support) to the time of receipt of therapy. Successful source control was defined as open if the patient underwent cholecystectomy or a drainage via cholecystostomy in the operating theatre. Successful closed source control included percutaneous cholecystostomy drainage. L'analyse CART a révélé que les patients ayant des scores APACHE II de 15-26 ont le plus bénéficié d'un contrôle de la source dans les 16 h (p < 0,0001).
Conclusion :
Chez les patients présentant un choc septique associé à une cholécystite, le score APACHE II à l'admission et le retard de contrôle de la source (cholécystectomie ou drainage par cholécystotomie percutanée) ont significativement influé sur les résultats hospitaliers.
Operational definitions
Septic shock was defined using the 1992 American College of Chest Physicians/Society of Critical Care Medicine (ACCP/SCCM) guideline. 15 As per that definition, patients were required to have documented or suspected infection, persistent hypotension requiring vasopressors, and 2 of the following 4 elements: a heart rate of > 90 beats/min, a respiratory rate of > 20 breaths/min or arterial partial pressure of carbon dioxide (PaCO 2 ) of < 32 mm Hg, a core temperature of < 36°C or > 38°C, and a WBC count of < 4000/mL or > 12 000/mL or bands > 10%. An episode of hypotension was considered to represent the initial onset of septic shock when hypotension persisted from onset despite fluid (2 L of saline or equivalent) administration (persistent hypotension) or hypotension was only transiently improved (hypotension resolution for < 1 h) with fluid resuscitation (recurrent hypotension). 9 Predetermined rules were used to define documented and suspected infections and to assign significance to clinical isolates as previously described. 11 Nosocomial infection-related septic shock was defined as septic shock caused by any infection developing more than 48 h after hospital admission.
Predetermined rules were used to assess the appropriateness and delays of initial empiric antimicrobial therapy. 9, 11, 16 For culture-positive septic shock, initial antimicrobial therapy was considered appropriate if an antimicrobial with in vitro bactericidal activity appropriate for the isolated pathogen or pathogens was the first new antimicrobial agent given after the onset of recurrent or persistent hypotension or was initiated within 6 hours of the administration of the first new antimicrobial agent (i.e., part of a new group of antibiotics all initiated within 6 h of each other). Otherwise, the initial therapy was considered inappropriate. 11 For culture-negative septic shock, initial therapy was considered appropriate when an antimicrobial agent consistent with broadly accepted norms for empiric management of the typical pathogens for the clinical syndrome was the first new antimicrobial agent given after the onset of recurrent or persistent hypotension or was initiated within 6 h of administration of the first new antimicrobial agent (i.e., part of a new group of antibiotics all initiated within 6 h of each other). 11 At each participating institution, infectious disease physicians/microbiologists were consulted to account for the local community and nosocomial flora when considering appropriateness of empiric therapy during the period covered by data collection. Otherwise, appropriate empiric therapy of culture-negative infections leading to septic shock was based on the recommendations listed in the "Clinical Approach to Initial Choice of Antimicrobial Therapy" from the Sanford Guide to Antimicrobial Therapy (most recently available edition at the time of the case).
Statistical analysis
Statistical analysis was performed using SPSS version 20 and R (www.r-project.org) software. Continuous variables are reported as means with standard deviations (SD) and medians with interquartile ranges (IQR) following testing for normality. Measures of central tendency for continuous variables were compared using the Student t test (normal distribution) and Wilcoxon rank sum test (nonparametric variables) following normality testing. Categorical variables are reported as numbers and percentages and were analyzed using the χ 2 test and Fisher exact test when there were fewer than 5 cases. We considered results to be significant at p < 0.05 or having a trend toward significance at p < 0.15. To study the association between clinically relevant factors (severity of illness, time delay to source control and effective antimicrobial therapy) and in-hospital mortality (dependent variable), multivariable logistic regression analyses were performed. Covariates were included based on their significance in the univariable regression analysis (p < 0.05), and demographic/physiologic plausibility. Collinear variables were excluded. Results were reported as adjusted odds ratios (OR) with 95% confidence intervals (CI). Model performance was assessed using the c-statistic (area under the receiver operator curve; AUROC) and Hosmer-Lemeshow goodness of fit test. Unadjusted and adjusted risk plots were constructed with the visreg and rms R packages. To better model the association between APACHE II score, time to source control and hospital survival, we conducted classification and regression tree (CART) analysis using the CHAID (χ 2 automatic interaction detection) algorithm. 17
Results

Participants and descriptive data
In total, 196 patients with acute cholecystitis and septic shock (mean age 69.9 ± 14.4 yr, 70% men) were included in this analysis (Table 1) . On presentation with septic shock, the mean APACHE II score was 23 ± 8. Patients had a cumulative mean of 3.7 ± 1.5, 4.3 ± 1.7 and 4.4 ± 1.7 organ failures on days 1, 3 and 5 of the study, respectively. During post-shock ICU/hospital stay, 17 (8.7%) patients were placed on renal replacement therapy, 154 (79%) patients received mechanical ventilation, and 100% required vasopressor support (as per definition). The peak mean serum lactate level (within 24 h of shock) was 5.1 ± 4.9 mmol/L. For the overall cohort, the median bilirubin was 31 (IQR 16-59) mmol/L, creatinine was 163 (IQR 97-285) mmol/L and INR was 1.6 (IQR 1.4-2.0) (first 24 h post-shock maximum). The median overall length of ICU stay was 6 (IQR 3-10) days.
The median overall LOS was 15 (IQR 8-25) days; the median LOS was 17 (IQR 11-31) days for survivors and the median survival duration (i.e., LOS) was 7 (IQR 3-18) days for nonsurvivors (p < 0.001). In total 139 patients (71%) survived to ICU discharge while 124 patients (63%) survived to hospital discharge (primary end point).
Microbiology descriptive data
Pathogen and diagnostic information is shown in Table 2 . Of 196 patients, 122 (62%) were culture-positive (biliary/ intra-abdominal, bloodstream or both), while 74 (38%) were culture-negative. Seventy-three patients (37%) had a pathogen-isolated bloodstream culture. One hundred surviving until hospital discharge. Fifty-six (41%) patients had source control after 16 h, with 31 (55%) surviving until hospital discharge. In 1 patient with successful source control, timing of source control could not be determined. Median delay to source control postshock was 12.6 (5.0-25.5) h.
Unadjusted comparisons: hospital survivors versus nonsurvivors
Unadjusted comparisons of hospital survivors (n = 124) with nonsurvivors (n = 72) are shown in Table 3 . Survivors had lower mean APACHE II scores (22 v. 27 , p < 0.001) on admission. Survivors had fewer organ failures on day 1 (mean 3.3 v. 4.5, p < 0.001), day 3 (3.8 v. 5.2, p < 0.001), and day 5 (3.8 v. 5.3, p < 0.001). Within the initial 24 h of septic shock, cholecystitis survivors had lower median serum bilirubin (28 v. 34 umol/L, p = 0.13), lactate (2.4 v. 6.8 mmol/L, p < 0.001) and INR values (1.4 v. 1.7, p < 0.001). Survivors had significantly shorter median delays to appropriate antimicrobial administration (2.8 v. 6.1 h, p = 0.012) and source control (9.8 v. 24.7, p < 0.001) following documentation of shock. Survivors also had less failed/nonattempted source control (13 v. 27, p < 0.001). Threshold analysis revealed that a time delay to source control of > 16 h showed the highest discrimination between survivors and nonsurvivors on univariate analysis.
Multivariable analysis: independent predictors of in-hospital survival
The results of multivariable logistic regression after adjustment for covariates are shown in Table 4 . Increasing admission APACHE II score (OR 1.13, 95% CI 1.06-1.21 per 1-unit increment, p < 0.001) and time delay (based on threshold analysis) to source control of greater than 16 h (OR 4.448, 95% CI 1.883-10.695, p < 0.001) was independently associated with significantly increased mortality. The impact of time delay to appropriate antimicrobial therapy was not significant after adjusting for other covariates. The c-statistic (i.e., how well the model distinguishes between survivors and nonsurvivors at hospital discharge) was 0.80 (strong predictive accuracy).
The CART model: relationship between APACHE II and source control
The CART model analysis looking at the relationship between APACHE II score, time delay to source control, and hospital survival yielded the model shown in Figure 1 . Time to source control could further risk-stratify patients with APACHE II scores between 15 and 26 points, whereas it did not add discriminatory value to patients with lower or higher APACHE II scores. Thirty-three patients had APACHE II scores lower than 15 and had a 94% survival rate, 54 patients had APACHE II scores higher than 26 and had a survival rate of 33%, and 105 patients had APACHE II scores of 15-26 and had a 70% survival rate. Of the 105 patients with APACHE II scores of 15-26, 51 had a time delay to source control of 16 h or less, whereas 54 patients had a time delay of more than 16 hours. In this subset of patients, survival was significantly higher when time delay to source control was 16 h or less (92% v. 48%, p < 0.0001).
discussion
We evaluated a large multicentre (n = 28) experience of patients with acute cholecystitis with associated septic shock (n = 196). Mortality was high (37%) in the overall cohort. Survivors had lower mean admission APACHE II scores (20.5 v. 27.4) and lactate levels (2.4 v. 6.8) than nonsurvivors. Survivors also received appropriate antimicrobial therapy earlier (2.8 v. 6.1 h) and underwent successful source control earlier (9.8 v. 24.7 h) than nonsurvivors. After adjusting for potential confounding variables, including severity of illness and medical comorbidities, independent correlates of in-hospital mortality included severity of illness on admission as reflected by higher admission APACHE II scores (OR 1.13 per increment) and time delay of more than 16 h to successful source control (OR 4.45). Time delay to antimicrobial therapy did not significantly affect in-hospital mortality when adjusted for other covariates. The CART model analysis showed that patients with APACHE II scores between 15 and 26 benefited most from source control within 16 h, with a significantly higher survival rate (92% v. 48%).
Comparison with the literature
Patients with acute cholecystitis with septic shock are a high-risk subset of patients. In our study of 196 patients with cholecystitis-associated septic shock, in-hospital mortality was 37% and 90-day mortality was 36%; this is substantially higher than reported for cholecystitis without septic shock, most likely because of increased severity of illness. In cholecystitis without septic shock, 30-day mortality has been reported to be between 0.6% and 1.1%. 18, 19 In patients with acute cholecystitis with associated organ dysfunction, Yokoe and colleagues reported in a multicentre study that mortality ranged from 3.1% to 25% depending on the number of organ failures present. 20 Anderson and colleagues reported in a multicentre database study of patients with acalculous cholecystitis that sepsis had a hazard ratio (HR) of 1.72 and shock had an HR of 2.07 for mortality. 21 Despite these studies, there is still a lack of data pertaining to cholecystitis-associated septic shock. Complementing these studies, our data highlight that the presence of septic shock and the severity of illness significantly affect survival in patients with acute cholecystitis. In our study, multivariable analysis showed that severity of illness, as determined by the admission APACHE II score, was independently associated with increased mortality. Current literature on treatment for acute cholecystitis varies in terms of the definition of early and late cholecystectomy. Nonetheless, it appears that most studies have reported a benefit in performing early cholecystectomy for patients with acute cholecystitis. 22, 23 However, the exact timing of early cholecystectomy is not well defined and it varies. The World Society of Emergency Surgery recommends performing cholecystectomy for patients with cholecystitis as soon as possible, up to 10 days from the onset of symptoms. 4 In hospitalized patients, de Mestral and colleagues used a Markov model for 5-year survival and found that early cholecystectomy (< 7 d) was less costly (C$6905 per person) and more effective (4.20 quality-adjusted life years [QALYs] per person) than delayed cholecystectomy (C$8511 and 4.18 QALYs per person) or watchful waiting (C$7274 and 3.99 QALYs per person). 23 Banz and colleagues, through a study of 4113 patients with cholecystitis in the Swiss Association of Laparoscopic and Thoracoscopic Surgery database reported increased postoperative complications and longer LOS for patients who underwent cholecystectomy 6 d after admission than for patients who received cholecystectomy on the day of admission. 5 However mortality did not differ between the 2 groups. 5 In a study of 87 108 patients with cholecystitis in the Swedish Registry of Gallstone Surgery and Endoscopic Retrograde Cholangiopancreatography, Blohm showed there was significantly lower risk for intraoperative adverse events when the cholecystectomy was done on the first or second day after admission; risk of postoperative adverse events was significantly lower in patients undergoing cholecystectomy within 4 days of admission compared with 5 days after admission, and 30-day mortality was significantly lower when cholecystectomy was done during the first day after admission. 24 In a meta-analysis of studies looking at early versus delayed cholecystectomy for patients with cholecystitis, Cao and colleagues found that early cholecystectomy in patients with acute cholecystitis was associated with a significant reduction in the total incidence of complications, wound infections, total LOS and hospital costs. 25 However, there was no difference in risk of death between the early and late groups. 25 Although these studies show the benefits of early cholecystectomy, there is still uncertainty about the optimal timing of surgery and whether there is a mortality benefit. Also, despite the wide array of studies looking at timing of source control in patients with acute cholecystitis, there has been a paucity of studies looking at the subset of patients with septic shock due to cholecystitis. In this study of high-risk patients (septic shock, multiorgan failure), our data suggest that achieving source control within 16 h of onset of shock in patients with cholecystitis is associated with improved survival. Furthermore, the timing of source control within 16 h of onset of shock has the greatest impact on survival in patients with moderate severity of illness (APACHE II scores between 15 and 26). In this subset of patients with cholecystitisassociated septic shock, achieving source control within 16 h of onset of shock was associated with a significantly lower mortality (8%) than source control after 16 h (52%). Looking broadly at patients with septic shock, several studies have shown the importance of early timing of source control. In a multicentre study of 1011 German patients with septic shock requiring intensive care admission, Bloos and colleagues reported that early source control reduced mortality and that a delay of more than 6 h after onset of septic shock was independently associated with increased 28-day mortality. 26 In a study of an international, multicentre database focusing on hepatobiliary septic shock, we showed that time delay to source control longer than 12 h in patients with cholangitis with septic shock was independently associated with increased mortality. 27 Our work complements these previous studies in that we have shown that early source control is essential to reducing mortality in patients with septic shock with acute cholecystitis.
Limitations
This study should be interpreted within the limitations of its design. It is a retrospective analysis of prospectively collected data and, therefore, only association and not causation can be inferred. Given that this study was observational, we are unable to conclusively exclude sources of selection bias, such as later surgical intervention for severe cases of acute cholecystitis. 28 Specific data regarding laparoscopic versus open cholecystectomy were unavailable in the CATSS database. Specific data on biliary drainage using common bile duct exploration, endoscopic retrograde cholangiopancreatography (ERCP), or percutaneous transhepatic cholangiography (PTC) were also not available in our data set. We acknowledge that the study population was included over a long study period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , and there have been considerably changes in the care of patients with septic shock. 29 We also did not have data regarding the etiology of the cholecystitis (calculous v. acalculous). However, despite these limitations, our study's strengths include the inclusion of patients from 28 intensive care units across multiple geographic regions, and to date this is the largest study of critically ill patients with acute cholecystitis with septic shock in a field where there is a dearth of published literature. Therefore, this lends the results of this study to wide generalizability.
conclusion
Patients with septic shock secondary to acute cholecystitis represent a high-risk population with significant mortality. Admission APACHE II score and delays in source control of greater than 16 h significantly affect hospital outcomes and survival. This suggests that earlier source control (within 16 h) may improve outcomes in this highrisk patient population.
